Abstract-Previous analyses have concluded that expectations of future excess stock returns rather than future real dividend growth or real interest rates are responsible for most of the volatility in stock prices. In this paper, we employ a state-space model to model the dynamics of the log price-dividend ratio along with long-term and short-term interest rates, real dividend growth, and inflation. The advantage of the state-space approach is that we can parsimoniously model the low-frequency movements present in the data. We find that, if one allows permanent changes, even though very small, in real dividend growth, real interest rates, and inflation-but not excess stock returns-then expectations of real dividend growth and real interest rates become significant contributors to fluctuations in stock prices. However, we also show that stock price decompositions are very sensitive to assumptions about which unobserved market fundamentals have a permanent component. When we allow excess stock returns to have a permanent component but not real dividend growth, excess stock returns become an important contributor to stock price movements, whereas real dividend growth does not. Unfortunately, the data is not particularly informative about which of these alternative models is more likely.
I. Introduction
S TOCK prices reached historically high levels in the late 1990s and early 2000s. Not only were stock prices remarkably high during this period, but these high prices have persisted for nearly a decade. One explanation that has been advanced is that investors expect relatively high dividend or earnings growth in the future. For example, the so-called New Economy with its revolution in information technology and higher labor productivity growth has been invoked to explain historically high stock prices. (See Greenwood and Yorukoglu (1997) , Jovanovic (1998, 1999) , Browne (1999) , and Hobijn and Jovanovic (2000) .) Alternatively, others have argued that a decline in the rate at which investors discount expected future real dividends may have caused the dramatic increase in stock prices. 1 Siegel (1999) , for example, has suggested that a decline in transaction costs and the availability of low-cost index funds, have decreased the cost of holding highly diversified portfolios. Heaton and Lucas (1999) in turn have argued that increased diversification has resulted in a substantial decline in the equity premium. 2 One can place the debate about stock prices in the 1990s within the larger context of the long-standing debate about sources of stock market volatility. Stock price valuation models (such as Gordon (1962) ) provide a concise way to think about the factors that affect the fundamental value of stock prices. With stock prices equal to the present discounted value of expected future real dividends, stock prices increase either when expected future real dividend growth increases or when the expected future real discount rate falls. Most of the existing literature has assigned a relatively small contribution to real dividend growth. For example, Shiller (1981) and LeRoy and Porter (1981) argue that the observed dividend series is too smooth to justify the observed volatility of stock returns. More-recent studies such as Campbell and Shiller (1988, 1989) , Campbell (1991) , Shiller and Beltratti (1992) , Cochrane (1992) , and Campbell and Ammer (1993) decompose the variance of stock returns into contributions of real dividend growth and other factors. In particular, Cochrane (1992) and Campbell and Ammer (1993) break stock price movements (or, more precisely, stock returns) into contributions of dividend growth, real interest rates, and excess stock returns. They argue that most of the variability in stock returns is due to innovations in excess returns and not dividend growth or real interest rates.
Much of the above-mentioned literature employs a vector autoregression (VAR) framework to estimate expectations of future market fundamentals. In this paper, we employ an alternative approach to decomposing stock price movements. We estimate the unobserved expectations of market fundamentals with a state-space model. One attraction of the state-space framework is that it allows for a parsimonious specification of low-frequency movements in market fundamentals; a VAR estimated in levels may have difficulty capturing low-frequency movements in small samples. It is these low-frequency movements that are most important for the decomposition of stock price movements.
Employing a state-space model also forces us to confront the problem of identification of long-run expectations of market fundamentals. A key finding of this paper is that decompositions of stock price movements are very sensitive to what assumptions one makes about the presence of permanent changes in either real dividend growth or excess stock returns. When we model real dividend growth as containing both a permanent and transitory component but allow excess stock returns to have only a transitory component, real dividend growth explains more of the movement in stock prices than does excess stock returns. Our results are reminiscent of Barsky and DeLong (1993) , who argue that actual stock price movements could be rationalized by permanent changes in dividend growth, only that our framework is more general and allows for other factors, in addition to dividend growth, to affect stock prices. When we reverse this assumption so that the excess stock returns are allowed to have a permanent and temporary component and real dividend growth is modeled with no permanent component, then it is excess stock returns that explains more of the movements in stock prices. Regardless of which model is considered, the contribution of future real interest rates is substantial.
The remainder of this paper is organized as follows. In section II, we review the log linear approximation for stock prices that has been featured in much of the recent analysis of stock price volatility. This approximation provides a tractable way of writing current stock prices as a linear function of expectations of future market fundamentals. In section III, we present a dynamic common factor model used to specify and later estimate the evolution of these market fundamentals. In section IV, we report empirical evidence suggesting that three permanent components are required in our state-space model to explain the long-run movements of the data. Section V presents estimation results obtained from our state-space model in which we allow for permanent components in the short-term real interest rate, inflation, and real dividend growth. In section VI, we use the state-space model to decompose movements in stock prices and interest rates in terms of movements in their market fundamentals. In section VII, we report results from an alternative model in which a permanent component is allowed in excess stock returns but not in real dividend growth. In section VIII, we ask whether our specification of allowing for permanent components in real dividend growth or excess stock returns is plausible on statistical and economic grounds. We also speculate on why our results differ from much of the previous literature. Section IX provides a summary and conclusion.
II. Log Linear Approximation for Log Price-Dividend Ratio
We start with the same log linear approximation employed in much of the previous literature. Using the accounting identity and the definition of (real) returns yields
where R tϩ1 e is the gross real return on equity, P t is the real price of equity at the end of period t, and D t is the real dividend payment during period t. Rearranging yields
Using the familiar log-linear approximation employed by Campbell and Shiller (1988, 1989) we can rewrite equation (2) in terms of logarithms:
where
e ϭ log (R tϩ1 e ), ϭ exp (log (P/D) avg )/(1 ϩ exp (log (P/D) avg )) with log (P/D) avg being the average of the log pricedividend ratio over the sample, and k is a constant. 3 We will find it convenient to break up log real gross returns on equity into real returns on short term bonds, r t , and excess returns, e t :
r t e ϭ r t ϩ e t .
Ruling out explosive behavior for the log price-dividend ratio and taking expectations and recursively substituting, we obtain
Thus, the log price-dividend ratio is a weighted average of expected future real dividend growth, real interest rates, and excess returns. 4,5 3 Campbell, Lo, and MacKinlay (1997) note that, although the approximation misstates the average stock return, it captures the dynamics of stock returns well in high-frequency data. 4 In a previous version of our paper, we motivated an equation similar to equation (3) in terms of an equilibrium asset pricing model in which 1 ϭ E t M tϩ1 R tϩ1 , where R tϩ1 is the real return on the asset at t ϩ 1 M tϩ1 , called the asset pricing kernel, is the value investors place on the real return. (See Campbell, Lo, and MacKinlay (1997, p. 295) .) In the standard consumption based asset pricing model of Lucas (1978) , M tϩ1 is the marginal rate of substitution between consumption at time t ϩ 1 and consumption at time t. If the variables are jointly distributed log normal (conditional on information at time t), we can approximate the log price-dividend ratio, p t , as
where VAR t ٪ and COV t ٪ are the variance and covariance at time t ϩ 1 conditional on information at time t. If the variances and covariance are constant, then in terms of the model in the text E t r tϩ1 ϭ ϪE tlog(M tϩ1 ) and expected excess returns, E t e tϩ1 , is a constant. 5 Although a rational bubble would yield an explosive price-dividend ratio, rational bubbles are hard to support both empirically or theoretically. (See Campbell et al. (1997, pp. 258-260) .) Equation (5) provides a nice way to think about alternative explanations of stock price movements. Stock price movements driven by movements of expectations about future profits or earnings would be reflected in expectations about future real divided growth. 6 On the other hand, stock price movements due to changes in savings behavior, say due to demographic changes, will be reflected in changes in the real interest rate, whereas movements that are the result of changes in the equity premium would be reflected in changes in expected future excess returns. Note that expected future inflation does not have a direct effect on the price-dividend ratio. Only if inflation is negatively correlated with real dividend growth (as might be the case when nominal dividends only partially respond to inflation), real interest rates, or excess returns, will a reduction in inflation expectations be associated with an increase in the pricedividend ratio.
We can make a similar decomposition for bonds. 7 The nominal return for a one-period bond is
where E t r tϩ1 is the ex ante real interest rate on a one-period bond and E t tϩ1 is expected inflation. For an n-period bond, we can write the yield to maturity as
where n,t is the excess (one-period) return in time period t of an n-period bond over a one-period bond (with 1,t ϵ 0). Thus, long-term interest rates are just the average of current and future short-term rates plus a term premium.
III. A Dynamic Common Factor Model for Stock Prices and Interest Rates
The main difficulty for stock price and interest rate decompositions is that asset prices depend on expectations of future market fundamentals and these are not observed. Much of the previous literature (Campbell, 1991; Campbell & Ammer, 1993; Lee, 1998, among others) attempts to calculate these expectations by estimating a time series model, typically a VAR, and use that model to construct expectations. Most of this literature assumed that market fundamentals were stationary. Our approach in this paper will also be to estimate a time series model, but our model will take the form of a state-space model. The advantage of employing a state-space model is that the state-space model will allow parsimonious specification of low-frequency components in market fundamentals. Furthermore, as we show, the state variables in the model lend themselves quite nicely to economic interpretation in terms of expectations about the long-run values of the market fundamentals. We estimate a dynamic common factor model from which we infer what these expectations are by exploiting common factor restrictions implied by the asset pricing equations. 8 For each of the market fundamentals-expected real dividend growth, real interest rate, expected inflation, and excess returns on stocks and bonds-we assume an unobserved components model. We also allow for the possibility that these variables may be characterized by permanent and temporary components. For example, consider the following unobserved components model for real dividend growth:
where d t p can be interpreted as the market's expectation of long-run real dividend growth. This long-run dividend growth variable is not observed directly by the econometrician, but, as we show, it can be inferred from actual real dividend growth and from the log price-dividend ratio. The temporary component, d t a , represents the adjustment of actual real dividend growth to long-run real dividend growth. We allow innovations in the temporary component, v t d,a , to be (negatively) correlated with innovations in longrun dividend growth, v t d,p , so that an increase in expected long-run real dividend growth need not be reflected in a one-for-one increase in current actual real dividend growth. As a result, one can think of d t p as information that the market has about future real dividend growth that is not necessarily reflected in current real dividend growth. However, as we show, this information is reflected in current stock prices. The term w t d represents random measurement error, which we will assume is uncorrelated with any other variables in the model. We can similarly write inflation as a function of a permanent, temporary, and noise component. For the real interest rate, excess stock return, and excess bond return components, we will infer them indirectly from the log price-dividend ratio, long-term interest rates, and short-term interest rates.
If households have logarithmic utility ␥ ϭ 1, then the P/D ratio is unchanged. 7 See Backus, Foresi, and Telmer (1998) for a recent survey of bond pricing models.
To illustrate how expectations about future real dividend growth, real interest rates, and so on can be inferred from the model, we can write the model in state-space form as 
Appendix A describes the F matrix in the state equation in detail. The state equation (11) describes the evolution of the observed market fundamental components. Using equation (5), we can write the log price-dividend ratio in terms of the state-space model:
. Using the state-space model to evaluate the expectations in equation (12), we obtain
Thus, the log price-dividend ratio can be written as a linear function of the unobserved state vector, S t . For the case in which the temporary components follow a first-order autoregressive processes, equation (13) simplifies to
Note that the coefficients on the market's expectations of long-run real dividend growth (d t p ), real interest rate (r t p ), and excess returns (e t p ) are larger than the coefficients on the temporary components, d t a , r t a , and e t a , respectively. This allows for a situation in which, if d t p rises and d t a falls by the same amount, the log price-dividend ratio rises even though current real dividend growth is unchanged.
We can similarly write the yield to maturity on an n-period bond as a function of the current state vector, S t :
where H 2 ϭ (0, 1, 1, 0, 0, 0, 1, 1, 0, 0, 0 1ϫ5(kϪ1) ) and H ϭ (0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0 1ϫ5(kϪ1) 
The greater the maturity date of the bond, the greater relative weight is placed on the factors describing the market's long-run expectations of inflation, real interest rate, and excess bond returns. Note that the excess bond return factor is not present in the one-period bond. Thus, we can relate observed asset prices, real dividend growth, and inflation to the unobserved states by
where Y t ϭ ( p t obs , i t n obs , i t 1 obs , d t obs , t obs )Ј, and W t ϳ N(0, R) with R a diagonal matrix. The H matrix depends on the number and the nature of states describing the market fundamentals. Appendix A presents the H matrix for each of the models we examine. The key insight from equation (14) and (16) is that the state-space model imposes restrictions across state equations and the observation equations. These restrictions enable us to interpret the unobserved state variables in terms of long-run expectations of market fundamentals. 9 Thus, for example, movements in the unobserved real (one-period) interest rate factor will affect the log (P/D) ratio, the short-term interest rate, and the long-term interest rate. Movements in the unobserved real dividend growth factor will affect log (P/D) and observed real dividend growth.
IV. Specifying the Number of Permanent Components in the State-Space Model
We will examine a five-variable system that includes log price-dividend ratio, long-and short-term nominal interest rates, real dividend growth, and inflation. Our data is quarterly and runs from 1953:2 to 1999:1. The price-dividend ratio is the S&P 500 composite stock price index for the last month of each quarter divided by nominal quarterly dividend flow for the S&P 500 composite index. 10 10 A quarterly dividend series for the S&P 500 composite stock price index is computed from S&P 500 annualized monthly dividend yield and stock price level data both obtained from the DRI Pro database. We multiply the dividend yield by the monthly stock price and convert annualized dividend flow into a monthly dividend flow and then average empirical analysis, we will consider the ten-year Treasury bond rate (i n , n ϭ 40 for quarterly data), and the threemonth Treasury bill yield (i 1 ) as our interest rate series. We include the short-term interest rate in the analysis to help us better distinguish between the long-run and transitory components of the real interest rate and inflation factors (note the factor loadings on r t a and t a in equation (16) depend on n). Inflation is calculated as the growth in the consumer price index over the quarter. Real dividend growth is nominal dividend growth less CPI inflation. Figure 1 plots the log price-dividend ratio and the log price-earnings ratio for the postwar period up until early 1999. Evident in figure 1 is that both the log price-dividend ratio and the log price-earnings ratio are characterized by long swings or substantial low-frequency movements. In fact, standard Dickey-Fuller unit root tests (results reported in table 1) find that the unit root null cannot be rejected. The variance ratios for the log price-dividend ratio and the log price-earnings ratio at a horizon of forty quarters are quite close to 1, which is the implied variance ratio for a random walk. (See also table 1.) Thus, there is a sizeable lowfrequency component in the log price-dividend ratio and log price-earnings ratio. In subsequent analysis, we will focus our attention on the log price-dividend ratio, noting that results are qualitatively the same when we replace the log price-dividend ratio with the log price-earnings ratio; this is also true when we replace real dividend growth with real earnings growth. Within the context of our model, these persistent movements in the price-dividend ratio requires persistent movements in market fundamentals: real dividend the three monthly dividend series together to obtain an average dividend for the quarter. 
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growth, real interest rates, excess stock returns, or a combination of these. Table 1 also contains unit root tests and variance ratios for long-and short-term interest rates, real dividend growth, and inflation. In addition, table 1 contains unit root tests and variance ratios for ex post real interest rate (short-term interest rate at t minus inflation at t ϩ 1), the spread between long-and short-term interest rates, and actual excess stock returns. Table 1 indicates that nominal interest rates, inflation, and real interest rates fail to reject a unit root, whereas, the interest rate spread, real dividend growth, and excess stock returns are much less persistent and, thus, reject the unit root null hypothesis.
We also examine the long-run properties of log pricedividend ratio, long-and short-term interest rates, real dividend growth, and inflation when taken together as a system. Table 2 presents the Johansen (1991) test for the number of cointegrating vectors in a system that contains log price-dividend ratio, long-term interest rate, short-term interest rate, real dividend growth, and inflation. The -max test rejects the null of fewer than two cointegrating vectors at the 5% level, yet it fails to reject to null of fewer than three cointegrating vectors. The Trace test rejects the null of fewer than two cointegrating vectors at the 5% level and fails to reject the null of fewer than three cointegrating vectors. Together, these results suggest the presence of two cointegrating vectors or, alternatively, three stochastic trends in our system. Because one can think of real dividend growth, excess stock returns, and the interest rate spread as describing cointegrating vectors in a systems approach, the single variable and system results are not consistent. 11 It is not our objective to sort out the finite-sample size and power properties of single equation versus system tests for the number of unit roots. Rather, we note that there is evidence of substantial persistence in our data and that one can plausibly and parsimoniously capture the persistence by including three permanent components in our state-space model.
Recall that the market fundamentals for the log pricedividend consist of expectations of future real dividend growth, real interest rate, and excess stock returns and that, for nominal interest rates, they consist of the real interest rate, inflation, and a term premium. Our state-space approach requires us to specify unobserved components models for each of these market fundamentals. Given the persistence in log price-dividend ratio, to parsimoniously capture low-frequency movements in log price-dividend ratio, our model must contain at least one permanent component for dividend growth, real interest rates, and excess stock returns. Of these, only the real interest rate appears to have substantial persistence. Nonetheless, it is difficult to believe, given the behavior of actual real interest rates, that real interest rates alone could drive most of the lowfrequency movements in stock prices. 12 Thus, we start with a benchmark model in which there are permanent (and temporary) components in real interest rate, inflation, and in real dividend growth but only temporary components for excess stock returns and the term premium.
One may question whether real dividend growth (or the other market fundamentals for that matter) contains a permanent component because actual real dividend growth over the sample displays very little persistence. However, because we put no restrictions on the variance of innovations in d t p relative to innovations in d t a , it is possible for the scale of d t p to be arbitrarily small (but not zero). In section 11 For example, the log approximation of excess returns can be written in terms of the variables in our system as ( Ϫ 1) p t ϩ d t Ϫ i 1,t ϩ t ϩ ⌬p t ϩ ⌬i 1,t . If excess returns are stationary, that implies that p t , d t , i 1,t , and t are cointegrated. Similarly, if the interest rate spread is stationary, then short-term and long-term interest rates are cointegrated. Finally, a stationary real dividend growth is the trivial cointegrating vector of just real dividend growth by itself. 12 In fact, both the Akaike information and Schwartz-Bayesian criteria prefer the model that includes a permanent component for either real dividend growth or excess stock returns over a model that includes permanent components for only the real interest rate and inflation. The AIC (SBC) for three permanent component model is 1587.7 (1751.7) versus 1628.7 (1766.9) for the two permanent component model. System contains log price-dividend ratio, long-term interest rate, short-term interest rate, real dividend growth, and inflation. ADF tests are for tests with a constant. Similar results are obtained when a time trend is included. **reject unit root null at 5% nominal significance level (critical value ϭ Ϫ2.88). Standard errors on variance ratio are adjusted for heteroskedasticity. The horizon for the variance ratio is ten years. The interest rate spread is defined as the ten-year T-bond interest rate minus the three-month T-bill interest rate.
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VII, we consider an alternative model in which there is a permanent component in excess stock returns but not in real dividend growth.
V. Estimated State-Space Model with a Permanent Real Dividend Growth Component
In estimating our state-space models, we start by estimating the model using the EM algorithm for five hundred iterations and then switch to standard maximum likelihood to obtain the final estimates. 13 The EM algorithm is more robust to initial conditions than standard maximum likelihood but is notoriously slow to converge. The Kalman filter is used to provide an estimate of the unobserved state vector, S t͉tϪ1 , and its covariance matrix, P t͉tϪ1 , for data up through time t Ϫ 1 and a given parameter vector. 14 We set the number of autoregressive terms in the temporary components equal to two. 15 Because one might expect the innovations in the real dividend growth factor, the real interest factor, and the inflation factor to be correlated, we do not put any restrictions on the variance/covariance matrix of innovations, Q, in our empirical analysis. We demean the data, so that we do not have to include constant terms in the state-space model. Finally, we set the value of equal to 0.99078. 16 Table 3 presents estimates of the autoregressive parameters, , and the estimates of the R and Q matrices (with the implied correlation coefficients displayed above the diagonal) for the model that includes permanent components for real dividend growth, real interest rate, and inflation and only temporary components for excess stock returns and the term premium. From the covariance structure of Q, we observe that innovations in d t p and r t p are highly positively correlated, suggesting that shocks that increase the market's expectations of future real dividend growth also coincide with increases in the long-run real interest rate. This correlation is consistent with the notion that a permanent increase in real dividend growth results in an increase in future income relative to income today, which, in turn, brings about an increase in the real interest rate as households try to borrow to smooth consumption. Also note that the correlation between innovations in d t p and t p are highly 13 See Watson and Engle (1983) for application of the EM algorithm to estimation of a state-space model.
14 We scaled up the data by 100 to reduce the effect of round-off error in the numerical calculations. The initial estimate of the state vector, S 0͉0 , was set equal to zero. P 0͉0 was set equal to the unconditional variance/ covariance for the temporary factors, d t a , t a , and r t a , and equal to 4,900 for the permanent components, which corresponds to a flat prior for these nonstationary components. As we pointed out, a negative correlation would be consistent with a partial adjustment model for real dividend growth in which current real dividend growth only partially responds to innovations in long-run expectations of real dividend growth. Innovations in the excess stock returns factor, v t e,a , are positively correlated with innovations to long-run dividend growth but negatively correlated with innovations in temporary dividend growth. They are also positively correlated with the permanent component of real interest rates. Table 3 also presents R 2 for the one-step-ahead forecasts implied by the Kalman filter, Y t͉tϪ1 ϭ HS t͉tϪ1 , and the Q-statistic for serial correlation for one-step-ahead forecast errors, W t͉tϪ1 ϭ Y t Ϫ HS t͉tϪ1 . For comparison, we also report the R 2 and Q-statistics for a low-order vector autoregression (VAR(2)) similar to those used in the VAR decomposition literature. The R 2 for the five equations are quite good given that there are in total only 51 free parameters (ten excluding the parameters in R and Q variance/covariance matrices). In contrast, the unrestricted VAR(2) has a total of 65 parameters of which only fifteen are parameters in the variance/covariance matrix. Although the VAR(2) has a lower Akaike information criterion (1572.2 vs. 1587.7), the state-space model has a lower Schwartz-Bayesian criterion (1751.7 vs. 1781.2), suggesting that criteria that places relatively greater emphasis on parsimony will tend to prefer the state-space model over the VAR. Furthermore, the statespace model's one-step-ahead forecast errors appear to display less serial correlation than does the VAR's. Thus, the estimated state-space model appears to capture the true data-generating process of the five observed variables reasonably well.
VI. Stock Price Decomposition for Model with Permanent Dividend Growth Component

A. State-Space Decomposition
Once the state-space model is estimated, we use the estimated factors to assess their contribution to stock price movements. Denote S t͉t as the model's estimate of the state vector given information up to time t. The contributions of the jth factor to the values of the observation variables are given as
where S t͉t ( j) zeros out the elements of S t͉t except for those associated with the jth factor.
The top panel of figure 2 displays the estimated contribution of expected future real dividend growth and the expected future real interest rate to movements in the log (P/D) for the model allowing for permanent components in real interest rate, inflation, and real dividend growth and allowing for only temporary components in excess stock returns and term premium. The striking feature about figure 2 is that both the contribution of expected future real dividend growth and the contribution of the expected future real interest rate display substantial volatility relative to the actual log price-dividend ratio. The bottom panel of figure 2 displays the actual log price-dividend ratio and the estimated total contribution of the expected future excess stock returns. Compared to the contributions of real dividend growth or the real interest rate individually, the contribution of excess return fluctuations to stock price fluctuations is relatively small. Figure 2 suggests some interesting interpretations of recent episodes of large price-dividend movements. Although on net, in the 1970s, the log price-dividend ratio fell, the large swings in the contributions of expected real dividend growth and the real interest rate factor seen in the midand late 1970s largely offset one another. Because of the positive covariance between the real interest rate and future real dividend growth, the actual log price-dividend ratio is not as volatile as the contribution of each factor individually. Another interesting feature is that, starting in the early 1980s, the contribution of expected future real dividend growth has jumped up and, although fluctuating, has remained relatively high. But, during the 1980s and early 1990s, the positive contribution from real dividend growth was largely offset by a negative contribution from the real interest rate as during this period the long-run real interest was relatively high. The increase in stock prices that occurred since the mid-1990s, however, is attributed almost entirely to an increase in expected future dividend growth.
Our model does not say something specific about the source of increased optimism about future dividend growth seen in the early 1980s, but it does suggest that changes in expectations about inflation may have had an important role. This period saw a significant decline in inflation (the Volcker/Reagan disinflation). CPI inflation fell from more than 10% during the late 1970s and early 1980s to under 5% in 1983. Recall from table 3 that innovations in d t p and t p are negatively correlated; thus, it is not surprising that we estimate the long-run expected real dividend growth to increase around the same time that inflation fell dramatically. The negative correlations between long-run real dividend growth and long-run inflation and the coincident timing of the initial increase in expectations of long-run real dividend growth with the disinflation of the early 1980s are consistent with the empirical findings of Sharpe (1999) , who found that inflation and earnings expectations are negatively related.
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To help understand the behavior of the real interest rate, the top panel of figure 3 displays the total contribution of the real interest rate factor and expected inflation to long-term interest rates, and the bottom panel displays the contribution of the term premium. From figure 3, one observes that, prior to 1973, much of the movement in long-term interest rates can be attributed to expected inflation rather than to the real interest rate. After 1982, because actual and expected longrun inflation have been relatively steady, much of the movement in long-term rates are attributable to movements in the real interest rate and the term premium.
During the mid-and late 1970s, our model implies substantial volatility in both the contribution of the real interest rate and expected inflation. The increases in inflation, first during the mid-1970s and again in the late 1970s, are inferred by our model to be largely permanent and, hence, have a large effect on expectations of future inflation. Expected inflation rose during these periods but without a 
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concomitant increase in nominal interest rates. Consequently, the latent real interest rate factor must fall to offset the increase in expected inflation. The negative relationship between the real interest rate and inflation is also consistent with the real interest rate rising during the disinflation of the 1980s. However, after the disinflation of the 1980s was complete, the real interest rate appears to be driven more by autonomous changes not related to the behavior of inflation. Turning to the term premium, we find that the contribution of the term premium factor in the long-term interest rate equation is quite volatile. The dips in the term premium factor occur primarily around business cycles and may reflect the fact that the yield curve has historically been inverted just before or during the early stages of a recession.
B. Forecast Variance Decomposition
We also assess the contributions to asset price fluctuations by examining forecast variance decompositions. Within the context of our state-space model, the variance of k-horizon forecast errors is given by Thus, we can decompose the k-horizon forecast variance of log price-dividend into portions contributed by variances and covariances of the unobserved state vectors. 17 Innovations in the state vector are not orthogonal and, like the decompositions of Campbell and Ammer (1993) , the covariance terms of the innovation matrix, Q, will affect the variance decompsition. Table 4 presents a decomposition of forecast variance for a number of variables for a forecast horizon of one quarter. For state variables with permanent and temporary components, we combine these into the contribution of a single factor. Because of the strong covariance between factors, it is difficult to disentangle the contribution of these factors individually; nonetheless, our results suggest a larger contribution to the variance of stock prices (and real stock returns) for real dividend growth and the real interest rate than in previous decompositions, such as Campbell and Ammer (1993) . 18, 19 On the other hand, the contribution of the covariance of dividend growth and real interest rate innovations, the covariance of dividend growth and excess return innovations, and the covariance of real interest rate and excess returns are qualitatively similar (have the same sign) to those reported by Campbell and Ammer. The real interest rate, inflation, and term premium factors are all important contributors to the variability of long-term interest rates, with the inflation variance being the single most important contributor. Again, the covariance terms have contributions qualitatively similar to those reported for long bond returns in Campbell and Ammer.
For the short-term interest rate, the real interest rate and inflation factors are roughly of equal importance with the covariance between inflation and real interest rate having a negative contribution to the forecast variance of short-term rates. Our decomposition of nominal interest rate spread suggests that the real interest rate factor and term premium factor are relatively important but that the inflation factor is not. This is in contrast to Campbell and Ammer, who found that inflation had a relatively large contribution, whereas term premium did not. In our framework, changes in future expected inflation are persistent and, hence, affect long-and short-term interest rates in a similar way; thus, inflation variability does not have a large effect on the interest rate spread variability.
Finally, in our model, real stock and real bond returns are positively correlated. The covariance of real dividend growth and real interest rate innovations and the covariance of real dividend growth and inflation innovations are the largest contributors to the covariance between stock returns and long bond returns, albeit of opposite signs. Real interest rate innovations, in addition to their covariance with dividend and inflation innovations, also have strong direct impact on the stock/bond return covariance as the real interest rate factor shows up in both real stock and real bond returns. Summarizing, although our decompositions are qualitatively similar to those by Campbell and Ammer, quantitatively we generally attribute a greater role to real dividend growth and real interest rate innovations and a smaller role to excess return innovations than they do.
VII. Model with a Permanent Excess Stock Return Components But No Permanent Real Dividend Component
As we suggested, the results in section VI are in contrast to much of the previous literature. The key identifying assumption in the model presented in section VI is that long-run real dividend growth has a permanent component and excess stock returns does not. Suppose that we reverse that assumption and allow excess stock returns to have a permanent component, whereas real dividend growth does not. Table 5 presents the parameter estimates and model diagnostics for the model with a permanent excess return component but no permanent real dividend growth component. Comparing tables 3 and 5, the autoregressive and variance parameters of the temporary components for the two models are very similar. The covariance structure of the permanent excess stock return component displayed in table 5 is strikingly similar to the covariance structure of the permanent real dividend growth component in table 3, once one considers that excess returns have the opposite effects on stock prices than does real dividend growth. Furthermore, the model with a permanent excess stock return component yields nearly the same fit as the permanent dividend component model, although the log likelihood is slightly lower for the permanent excess stock returns component model than for the permanent dividend growth model. Figure 4 , panel A and B, present the decomposition of stock prices for the model with a permanent excess stock return component. Unlike the model presented in section VI, the contribution of real dividend growth when only a temporary dividend growth component is included in the model is very small, whereas the contribution of excess stock returns is quite substantial. In fact, the implied contribution of excess stock returns in figure 4, panel A, looks nearly identical to the contribution of real dividend growth in figure 2, panel A. Interestingly, future excess stock returns have a large positive contribution to log pricedividend (that is, future excess stock returns are expected to fall) starting in 1983 and continuing more or less to the end of our sample. Note also that the contribution of the real interest factor to log price-dividend is nearly the same regardless of whether we assume a permanent real dividend growth component or a permanent excess returns component. Likewise, the decompositions of interest rates and inflation are very similar in the model with a permanent R 2 and Q-statistics for the observation equations of dynamic common factor model and a VAR(2):
Dynamic Common Factor Model VAR with Two Lags
Log price-dividend ratio 0. Table 6 presents variance decompositions for the model with permanent excess returns component. Comparing table  4 and 6, the long-and short-term nominal interest rates as well as the interest rate spread variance decompositions shown in table 6 are essentially the same regardless of whether the model has a permanent excess return component or a permanent real dividend growth component. Not surprisingly, the model with a permanent excess returns component attributes much of the variability of the log price-dividend ratio (and real stock returns) to excess returns and real interest rates and very little to real dividend growth. On the other hand, contributions of the covariances between dividends and real interest rates and between real interest rates and excess returns are qualitatively different from those of the permanent dividend growth model (and Campbell and Ammer) . The covariance between real interest rates and excess return contributions is negative in the model with a permanent excess returns component because 20 These are available upon request. table 4 and  table 6 , reflecting how similarly the two models fit the data.
In sum, the two competing models fit the data equally well, and the implied stock price decompositions are very similar, except that in one model real dividend growth has a significant contribution to stock price movements, whereas, in the other, excess returns have a significant contribution. By reversing the assumption about whether real dividend growth or excess returns has the permanent component, we can reverse which factor is the more important contributor to movements in log price dividend. The implication is that there is little in the data to distinguish between a model in which expectations of real dividend growth play an important role in stock market fluctuations and a model in which expectations about future excess returns play a crucial role. In other words, the nature of stock market decomposition depends crucially on what assumptions one makes about the long-run fluctuations in market fundamentals.
VIII. Discussion
The preceding results clearly suggest that a permanent component in real dividend growth and/or excess stock returns is important in explaining low-frequency movements in stock prices. Much of the previous literature has claimed that excess stock returns are responsible for stock price movements. This stems in part from the fact that actual real dividend growth displays very little persistence. Yet, as we saw previously, excess stock returns also show little persistence, and, on a statistical basis, it is difficult to choose a model with permanent excess stock returns to one with a permanent dividend growth. In this section, we first ask whether the specification of a permanent component for either real dividend growth or real excess returns is plausible on statistical or economic grounds. Second, we speculate on why our results differ from much of the previous literature.
A. Is a Permanent Component for Dividend Growth or Excess Stock Returns Plausible?
Is the assumption that there is a permanent component for either real dividend growth or excess stock returns plausible on statistical grounds? The top panel of figure 5 displays actual real dividend growth and the long-run real dividend growth component, d t p , and its two-standard-deviation band from the model with a permanent real dividend growth component, the bottom panel displays actual excess stock returns and the long-run excess stock returns component (and its two-standard-deviation band) from the model with a permanent excess stock returns component. 21 The movements in the estimated long-run real dividend growth component or the long-run excess stock return component are not outside historical experience and are roughly consistent with the data. For example, our estimate of long-run real dividend growth increased around 1983 and, although fluctuating somewhat, has remained relatively high; average actual real dividend growth over this period has also been higher than that averaged over the previous part of the sample. Real dividend growth over the full period 1953:2-1999:1 is 1.36%, whereas over the period 1983:1-1999:1 it is 2.20%. Alternatively, for the model that allows for a permanent component in excess stock returns, long-run excess returns is estimated to have fallen around 1983. (See 21 The confidence interval is based on 1,000 simulations and takes into account both filter and parameter uncertainty as described in Hamilton (1994a Hamilton ( , 1994b . bottom panel of figure 5.) Although this is in dramatic contrast to actual excess stock returns over that period, it is exactly what one would expect if long-run excess returns drifted downward. 22 Note that the permanent excess returns model suggests that the long-run equity premium is close to zero at the end of our sample. This is consistent with results of Jagannathan, McGrattan, and Scherbina (2000) who find that the equity premium over the period 1926-1970 averaged 6.8% and decreased to 0.7 percentage points during the post-1970 period. One might argue that our specifications in which either real dividend growth or excess returns contains a unit root is wildly at variance with the data because both series display very little persistence. However, as we noted previously, the Johansen test for cointegration suggests three stochastic trends in our five-variable system, which is consistent with our state-space model specification. Second, our model imposes no restrictions on the relative variance of the permanent component of real dividend growth or excess stock returns. Indeed, the variance of the permanent component for either series is estimated to be quite small. Using the estimated variance/covariances, the ratio of the variance of innovations to the permanent component of real dividend growth to the variance of innovations in real dividends growth as a whole is only 0.02, whereas the ratio for the model with a permanent excess stock returns component is only 0.001. 23 Given that the estimated permanent components of real dividend growth and real excess returns are quite small, our model is perfectly consistent with actual real dividend and excess returns showing very little persistence. The variance ratio implied by our models for either real dividend growth or excess stock returns are well within the confidence bounds for the variance ratio of actual real dividend growth or excess stock returns. Furthermore, it is well known (see Schwert (1987) ) that standard Dickey-Fuller critical values can have substantial finite sample size distortions when the series has a large negative moving average component (that is, a small permanent component). When we calculate the finite-sample size-adjusted augmented Dickey-Fuller critical values for data generated by the two alternative statespace models, we no longer reject the unit root null at the 5% level for either real dividend growth or excess stock returns. 24 Thus, the data are not inconsistent with the presence of a small permanent component in real dividend growth and/or a small permanent component in excess stock returns. Yet, it is precisely the permanent component that has the largest impact on stock prices. (Recall the factor loadings in equation (14) .) The effect of a permanent shock to real dividend growth or excess stock returns is more than fifty times larger than a shock to the temporary component. 25 As a result, a small permanent change in real dividend growth or excess returns has a much larger impact on the price-dividend ratio than a temporary change.
Are permanent changes in either real dividend growth or excess stock returns plausible on economic grounds? Changes in long-run real dividend growth are not likely to be sustained unless the long-run growth rate for the economy as a whole has experienced a similar change. Like real dividend growth, there is little statistical evidence of persistent changes in output growth, consumption growth, or productivity growth in the postwar period. Yet, one cannot entirely rule out the possibility of small changes in long-run growth; witness the discussion of the productivity slowdown during the late 1970s and 1980s and the subsequent resurgence of productivity growth in the late 1990s. (See Oliner and Sichel (2000) and Gordon (2000) .) As Barsky and DeLong (1993) suggest, it is plausible, in a world with changing technology and policy regimes, that investors may revise their expectations about long-run real dividend growth. As we pointed out, it takes only a small change in expectations about long-run real dividend growth to have a dramatic effect on stock prices. 26 In fact, the possible increase in optimism about future real dividend growth that we estimated to have occurred in 1983 has been noted by Blanchard and Summers (1984) . They argued that what were then considered high stock prices were in part due to optimism about future dividend and earnings growth. The possible reasons they list for this optimism included a general decrease in business taxation, reduction in factor prices, and increased profitability.
There are also several possible reasons for why future long-run excess stock returns or the equity premium might permanently change. Indeed, Blanchard (1993) seemed to have changed his earlier view about stock valuation by arguing that a declining equity premium was responsible for the increase in stock prices. Factors such as changes in investor attitude toward risk or the changes in the perceptions about the riskiness of stocks versus bonds could lead to a change in the required excess return of stocks over bonds. 27 Similarly, changes in transactions costs can lower the costs that investors face in constructing a diversified stock portfolio. (See, for example, Heaton and Lucas (1999) and Siegel (1999) .) These all could change the required return for stocks relative to other assets. In fact, as our analysis is based on returns before transaction costs or taxes, a decline in either of these for stocks relative to other assets would result in a decline in required excess return for stocks (keeping required returns net of transactions costs and taxes constant) and, hence, would show up as a permanent decline in long-run excess stock returns.
Is it possible that the market's and, hence, our implied movements of either long-run real dividend growth or longrun excess stock returns reflects nonmarket fundamental 23 These ratios are var(v dp )/var(v dp ϩ v da ) and var(v ep )/var(v ep ϩ v ea ), respectively. 24 We generated 1,000 samples from the state-space model. For each sample, we ran a Dickey-Fuller regression (with a constant), and from these we calculated the size adjusted augmented (with four lags) DickeyFuller t-statistic. The fifth-percentile Dickey-Fuller statistic for real dividend growth for the model with a permanent real dividend component was Ϫ5.28, and the fifth-percentile ADF statistic for excess returns for the model with a permanent excess return component was Ϫ6.29. 25 The factor loadings are from the H matrix in our state-space model.
26 Barsky and DeLong (1990, 1993 ) advance a very similar argument to the one we make here. They argue that, once one allows for small permanent changes in expectations of long-run dividend growth, one can explain long swings in stock prices by expectations of future dividends. Barsky and DeLong point out that the presence of a small permanent component can result in the appearance of excess volatility in that (log) stock prices react much more than one-to-one with (log) dividends. Like Barsky and DeLong, we have a small permanent component for dividend growth, but we also allow for time-varying discount rates (real interest rate plus equity premiums) when estimating the permanent component of dividend growth. 27 More formally, a change in the covariance between the stochastic discount factor as described in footnote 3 and the returns on stocks would lead to a change in the equity premium.
behavior such as rational bubbles, fads, or irrational exuberance (Shiller, 2000) ? Our model takes market fundamentals based asset pricing as one of its identifying assumptions, and, hence, our results cannot rule out the possibility of irrational behavior. However, our model does restrict the estimated state variables such as real dividend growth to be consistent with the dynamics of actual real dividend growth.
B. Dividends or Excess Stock Returns, Revisited?
On statistical grounds, as we argued previously, we are unable to determine whether real dividend growth or excess stock returns are more important. In our model, the observation equations for interest rates and inflation end up tying down the long-run real interest rate. Because the real interest rate alone cannot explain the low-frequency movements in the log price-dividend ratio, the remaining low-frequency movements in the log price-dividend ratio (controlling for the contribution of the real interest rate) must be due to either expectations of future real dividend growth or excess returns. Both actual real dividend growth and actual excess stock returns have large temporary components and, hence, are very noisy indicators of changes in long-run values of these variables. Thus, the model gets most of the information about long-run real dividend growth or long-run excess returns from observations of the log price-dividend ratio. Unfortunately, it is not possible to infer from stock prices alone whether expected future real dividend growth or excess stock returns has the greatest impact on stock price variability. In fact, when we tried to estimate a model with both a permanent real dividend growth and a permanent excess stock return component, we were unable to achieve convergence. This is consistent with there not being sufficient information in our data to identify both a permanent real dividend component and a permanent excess stock return component.
As we showed, our inference about the relative importance of expectations about future real dividend growth and future excess returns hinges on the assumption of which of these has a permanent component. This appears to run counter with much of the previous literature on stock price decompositions in that expectations of future real dividends typically were found not to be as important as expectations of future excess returns. (See, for example, Campbell and Shiller (1988), Campbell (1991) , Cochrane (1992) , Campbell and Ammer (1993) , and Lee (1998) ).
In many respects, our approach and that of the VAR approach to stock market decompositions are quite similar. For example, Campbell and Ammer (1993) use a VAR with log price-dividend ratio, the ex post real interest rate, the change in nominal interest rates, the spread between shortand long-term interest rates, and excess returns on equity to capture the time series movements in these variables. They then use the estimated VAR to calculate the contribution of future dividend growth, real interest rate, and excess returns to stock prices. Thus, they use a similar information set as we do when calculating expectations of future market fundamentals. 28 Yet, they report no ambiguity about the relative role of real dividend growth or excess returns.
One important difference in our analysis is that we allow permanent components in some of the market fundamentals. 29 As we pointed out in the previous section, small permanent changes in real dividend growth might be overlooked in the data. It is these small but permanent changes in real dividend growth that are responsible for most of the contribution of real dividend growth to stock price movements. Note that we allow for permanent changes in the real interest rate and in the inflation rate as well; therefore, our approach was not preordained to ascribe such importance to real dividend growth or excess returns. Second, much of the previous literature does not include the recent runup in stock prices. For example, the Campbell and Ammer (1993) sample stopped in February 1987. The runup in stock prices during the 1990s has generally lowered the ability of log price dividend ratio to predict of stock returns, particularly at relatively low horizons (Campbell, 2000) . Thus, these models are not likely to ascribe as much importance to excess stock returns as they previously did.
IX. Summary and Conclusion
A large body of research has examined explanations for why stock prices fluctuate, and the conclusion of this line of research is that most of the variability in stock returns is due to movements in expectations of future excess returns and not dividend growth. We show, however, that decompositions of stock price movements are very sensitive to what assumptions one makes about the presence of permanent changes in either real dividend growth or excess stock returns. When real dividend growth is allowed to have a permanent component but excess stock returns is allowed to have a transitory component, real dividend growth explains more of the movement in stock prices than does excess stock returns. When we reverse this assumption, the relative contributions of excess stock returns and real dividend growth are reversed as well.
To identify the relative importance of real dividend growth or excess stock returns for stock price variability, other information needs to be used. For example, information on relative transactions costs and their effect on investors asset allocations (see Heaton and Lucas (1999) ), information about the underlying determinants of a time-varying equity premium (see, for example, Campbell and Cochrane (1999) ), or indicators of long-run economic growth could be employed to help one distinguish between changes in expectations of future real dividend growth and excess returns. Alternatively, one might attempt tying real interest rate and risk premium movements not only to the level of assets prices as done in this paper but to movement in the covariance structure of asset prices as well. Finally, one might formally incorporate prior information about the relative importance of dividend growth and excess returns by taking a Bayesian approach to stock price decompositions. We hope to explore some of these extensions in future research.
